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1

GAMING MACHINE WITH SCANNING 3-D
DISPLAY SYSTEM

FIELD OF THE INVENTION

This mvention relates to gaming machines and systems
used to output visual information. In particular, the invention
relates to retinal image systems and methods of projecting
images mto an eye ol a person interacting with a gaming
machine.

BACKGROUND OF THE INVENTION

Gaming machines are becoming increasingly sophisti-
cated. Gambling machines that include a computer processor,
LCD display and related computer peripheral devices are now
the norm 1n place of older mechanically driven reel displays.
Many casinos employ networks of electronically linked gam-
ing machines. Each gaming machine may offer a different
game stored as software in memory included with the gaming
machine.

Player participation increases with entertainment. Gaming,
machines are still limited to flat panel display technology,
which limits how information 1s presented to a player and
limits the level (and types) of interaction between the player
and game. New and more entertaining forms of interaction
between a player and gaming machine would have value.

SUMMARY OF THE INVENTION

The present invention provides systems and methods that
cast an 1mage into a person’s eye from a retinal image system
included with a gaming machine. The gaming machine also
includes an eye detection system that detects and locates the
person’s eye, and tracks the eye over time if desired.

In one embodiment, the eye detection system includes a
camera that captures an image of a player’s eye. A processing
system then locates the eye 1n the 1mage using video infor-
mation captured in the image. The processing system may
also determine relative positioning between the eye and the
gaming machine.

People and their eyes do not remain motionless. Heads
rotate and tilt; eyes shift to different parts of the gaming
machine. For extended interaction, the eye tracking system
also performs ‘gaze tracking’, which accommodates multiple
degrees of freedom for eye location and tracks the eye despite
various movements. One or more 2-D or 3-D images may
then be cast based on the moving eye location.

A tracking zone may also be built that estimates likely
position of the eye. The tracking zone may rely on one or
more ergonomic relationships between the person and gam-
ing machine during interaction between the two.

In one aspect, the present 1invention relates to a gaming,
machine. The gaming machine comprises an external cabinet
defining an interior region of the gaming machine. The exter-
nal cabinet 1s adapted to house a plurality of gaming machine
components within or about the interior region. The gaming
machine also comprises an eye detection system located
within or about the external cabinet. The eye detection system
locates an eye of a person near the gaming machine, and
generates 1mage casting information that describes a position
of the eye. The gaming machine further comprises a retinal
image system located within or about the external cabinet.
The retinal 1image system generates an 1mage for the person
and directs the 1mage into the eye of the person using the
image casting information.
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In another aspect, the present invention relates to a gaming,
machine including a retinal 1mage system. The retinal image
system 1ncludes one or more light sources that generate light.
The retinal 1image system also 1ncludes a light valve config-
ured to produce an 1mage by selectively transmitting light
according to video information. The retinal 1mage system
turther 1includes a projection system that receives the image
and transmits the 1image toward the eye of the person.

In yet another aspect, the present invention relates to a
gaming machine including an eye detection system. The eye
detection system locates an eye of a person relative to a
position of a projection component of a retinal image system.
The eye detection system includes a camera configured to
capture an 1image that includes the eye of the person when the
person 1s near the gaming machine. The eye detection system
also 1includes a processing system configured to locate the eye
using information captured 1n the 1mage.

In another aspect, the present invention relates to a method
for providing an 1mage to a person near a gaming machine.
The method comprises locating an eye of the person relative
to a portion the gaming machine. The method also comprises,
using a retinal image system, directing the image into the eye
of the person according to the location of the eye.

These and other features and advantages of the mvention
will be described 1n more detail below with reference to the
associated figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an exemplary gaming machine in per-
spective view according to one embodiment of the present
invention.

FIG. 1B illustrates in perspective view the gaming machine
of FIG. 1A having an opened door.

FIG. 2 illustrates a block diagram of a retinal image system
in accordance with one embodiment of the present invention.

FIG. 3A 1illustrates a person seated in front of a gaming
machine and a 3-D tracking zone in accordance with one
embodiment of the present invention.

FIG. 3B illustrates a 2-D tracking zone 1n accordance with
another embodiment of the present invention.

FIG. 4 A 1llustrates one suitable arrangement for a camera
and an array of infrared light-emitting diodes used 1n locating
the eyes of a person interacting with a gaming machine in
accordance with a specific embodiment of the present inven-
tion.

FIG. 4B shows multiple cameras used 1n locating the eyes
of a person interacting with a gaming machine in accordance
with another specific embodiment of the present invention.

FIG. 5 illustrates a process flow for providing retinal
images to a player of a gaming machine 1n accordance with
one embodiment of the present invention.

FIG. 6 illustrates a process tlow for determiming image
casting information used to cast images nto the eye of a
person 1n accordance with one embodiment of the present
invention.

FIG. 7 1llustrates a process flow for casting an image into an
eye 1n accordance with one embodiment of the present mnven-
tion.

FIG. 8 illustrates a process flow for initiating and main-
taining control of a retinal image system 1n accordance with a
specific embodiment of the present invention.

FIG. 9 1llustrates an exemplary processing system 1n accor-
dance with one embodiment of the present invention.
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DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

The present invention will now be described 1n detail with
reference to a few preferred embodiments thereof as illus-
trated 1n the accompanying drawings. In the following
description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It
will be apparent, however, to one skilled 1n the art, that the
present invention may be practiced without some or all of
these specific details. In other instances, well known process
steps and/or structures have not been described 1n detail 1n
order to not unnecessarily obscure the present invention.

Overview

The present invention relates to a gaming machine that
includes a retinal 1mage system. The retinal image system
casts an 1mage 1nto the eye of a player. The image light passes
through the pupil and the eye’s lens focuses the incoming
light onto the retina, which operates as a physiological light
sensor for human vision

The retinal 1image system a) locates an eye of the person,
and b) adapts projection (e.g., projection direction) based on
the current location of the eye. Eye locating may rely on
known or assumed information based on the interaction
between a player and a gaming machine. For example, 1t 1s
expected that a person remains within a finite area when
interacting with a gaming machine. Eye locating and image
casting may also be repeated according to a refresh rate of
video information being cast.

In one embodiment, the retinal 1mage system comprises
one or more light sources, a light valve, and a projection
system. The light sources generate light. The light valve, such
as a MEMs micromirror device, selectively transmits light
produced by the light source according to video information
provided to the light valve. The projection system receives an
image created by the light valve and casts the 1image 1nto the
person’s eye. In one embodiment, the projection system ras-
ter scans the 1mage onto the person’s eye. Some designs
include a dynamic refocus, which allows the retinal image
system to vary depth of perception of visual information, cast
images that simulate near and distant objects, and cast 2-D
and 3-D images.

In one embodiment, the retinal image system 1s relatively
small and mounted close to the main display of the gaming
machine so that an 1mage cast 1nto the player’s eye overlays
an 1mage on the main game display. Overlay in this sense
refers to the retinal 1image linearly aligning according to
viewer perception with an image output by the main display.

The 1mage cast into the person’s eye may include any
information related to game play on—or interaction with—a
gaming machine. In one embodiment, the retinal 1mage sys-
tem casts bonus game information directly into the eye of a
player. In another embodiment, the retinal image system casts
3-D information to enhance game play on a main screen. For
example, the 3-D information may relate to 3-D eflects that
augment graphical output of a game presented on the main
screen. The information may also include offers presented by
a casino that operates the gaming machine.

One feature of the invention is that information cast into a
player’s eye can only be seen by that person—and 1s private to
that person only. This allows confidential, personal or privi-
leged information to be provided from the gaming machine to
the player without awareness by those around the player or
gaming machine. For example, an 1image cast into the per-
son’s eye may include an exclusive offer for tickets to a show,
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where nobody but the player and the offering establishment 1s
aware of the offer. When combined with player tracking capa-
bilities of conventional gaming systems, the present invention
allows new techniques for communicating private offers and
other information from a gaming machine to a player.

Gaming Machine

The present invention may employ a wide variety of gam-
ing machines. For example, the present invention may be used
with a gaming machine provided by IGT of Reno, Nev. Gam-
ing machines from other manufacturers may also employ a
retinal 1mage system. Referring to FIGS. 1A and 1B, an
exemplary gaming machine 10 for use according to one
embodiment of the present invention 1s 1llustrated in perspec-
tive view.

Gaming machine 10 includes a top box 11 and a main
cabinet 12, which generally surrounds the machine interior
and 1s viewable by users. Main cabinet 12 includes a main
door 20 on the front of the machine, which opens to provide
access to the interior of the machine. Attached to the main
door are typically one or more player-input switches or but-
tons 21; one or more money or credit acceptors, such as a coin
acceptor 22, and a bill or ticket scanner 23; a coin tray 24; and
a belly glass 25. Viewable through main door 20 1s a primary
video display monitor 26 and one or more information panels
27. The primary video display monitor 26 may include a
cathode ray tube, flat-panel LCD, plasma/LED display or
other conventional electronically controlled video display.

Top box 11, which typically rests atop of the main cabinet
12, may also contain a ticket printer 28, a key pad 29, one or
more additional displays 30, a card reader 31, one or more
speakers 32, a top glass 33, one or more cameras 114, one or
more eye 1lluminators 116, and image projection optics 11056
included 1n a retinal image projection system. Other compo-
nents and combinations are also possible, as 1s the ability of
the top box to contain one or more items traditionally reserved
for main cabinet locations, and vice versa.

It will be readily understood that gaming machine 10 can
be adapted for presenting and playing any of a number of
games and gaming events, particularly games of chance
involving a player wager and potential monetary payout, such
as, for example, a wager on a sporting event or general play as
a slot machine game, a keno game, a video poker game, a
video blackjack game, and/or any other video table game,
among others. While gaming machine 10 1s usually adapted
for live game play with a physically present player, 1t 1s also
contemplated that such a gaming machine may also be
adapted for remote game play with a player at a remote
gaming terminal. Such an adaptation preferably involves
communication from the gaming machine to at least one
outside location, such as a remote gaming terminal 1tself, as
well as the incorporation of a gaming network that 1s capable
of supporting a system of remote gaming with multiple gam-
ing machines and/or multiple remote gaming terminals.

Gaming machine 10 may also be a “dummy” machine,
kiosk or gaming terminal, in that all processing may be done
at a remote server, with only the external housing, displays,
and pertinent inputs and outputs being available to a player.
Further, 1t 1s also worth noting that the term “gaming
machine” may also refer to a wide varniety of gaming devices
in addition to traditional free standing gaming machines.
Such other gaming machines can include kiosks, set-top
boxes for use with televisions 1n hotel rooms and elsewhere,
and many server based systems that permit players to log 1n
and play remotely, such as at a personal computer or PDA. All
such gaming devices can be considered “gaming machines”
for purposes of the present invention and following discus-
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sion, with all of the disclosed metering techmques and
devices being adaptable for such uses of alternative gaming
machines and devices.

With reference to FIG. 1B, the gaming machine of FIG. 1A
1s 1llustrated 1n perspective view with 1ts main door opened. In
additional to the various exterior items described above, such
as top box 11, main cabinet 12 and primary video display
monitor 26, gaming machine 10 also comprises a variety of
internal components. As will be readily understood by those
skilled 1n the art, gaming machine 10 contains a variety of
locks and mechanisms, such as main door lock 36 and latch
377. Other locks 38, 39 on various other machine components
can also be seen. Internal portions of coin acceptor 22 and bill
or ticket scanner 23 can also be seen, along with the physical
meters associated with these peripheral devices. Processing
system 50 includes computer architecture for interacting with
and implementing a retinal image system, as will be discussed
in further detail below.

When a person wishes to play a gaming machine 10, he or
she provides coins, cash or a credit device to a scanner
included in the gaming machine. The scanner may comprise
a bill scanner or a similar device configured to read printed
information on a credit device such as a paper ticket or mag-
netic scanner that reads information from a plastic card. The
credit device may be stored in the interior of the gaming
machine. During interaction with the gaming machine, the
person views game mformation using a video display. Usu-
ally, during the course of a game, a player 1s required to make
a number of decisions that affect the outcome of the game.
The player makes these choices using a set of player-input
switches.

After the player has completed interaction with the gaming
machine, the player may receive a portable credit device from
the machine that includes any credit resulting from interac-
tion with the gaming machine. By way of example, the por-
table credit device may be a ticket having a dollar value
produced by a printer within the gaming machine. A record of
the credit value of the device may be stored 1n a memory
device provided on a gaming machine network (e.g., a
memory device associated with validation terminal and/or
processing system in the network). Any credit on some
devices may be used for further games on other gaming
machines 10. Alternatively, the player may redeem the device
at a designated change booth or pay machine.

Retinal Image System

A retinal 1image system disposed 1 or about a gaming
machine may take various forms. FIG. 2 illustrates a func-
tional block diagram of a retinal 1mage system 100 1n accor-
dance with one embodiment of the present invention. Func-
tionally, retinal 1mage system 100 includes three main
components: a controller 102, an 1image casting system, and
an eye tracking system 112.

Retinal image system controller 102 controls components
within system 100 and 1ssues control signals to each compo-
nent 1n the system. Controller 102 also interfaces with gaming
machine 10. Interface between controller 102 and a gaming
machine host controller 101 may include one or more digital
or analog communication links 119. One 1nterface link 119a
1s used to communicate the control protocol between control-
ler 102 and a host controller 101. Another interface link 11956
provides a video stream from host controller 101 to retinal
image system controller 102. The video stream includes
image data for output to a player by retinal image system 100.
The interface may alternatively include a single link. In a
specific embodiment, the interface includes a single USB
cable and USB communication protocols stored in both the
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gaming machine 10 and controller 12. Other hard wire and/or
wireless communication systems and protocols may be used.

Information passed from the gaming machine host control-
ler 101 to controller 102 may include video data for output by
the retinal 1mage system 100. The video data may be 1n a
digital or analog format. In one embodiment, controller 102
receives data in a digital format and includes appropnate
digital to analog conversion hardware and software for pro-
viding control signals to analog devices within system 100,
such as motors and directing optics 1105.

The retinal 1mage casting system generates an 1mage in an
eye ol aplayer interacting with a gaming machine. The retinal
image casting system includes light sources 104, transmis-
sion optics 106, light valve 108, and projection system 110.

Light sources 104 generate light. The light sources 104
may output one color or multiple colors. The number and type
of colors provided by light sources 104 regulates the gamut of
colors available to retinal 1mage system 100. A monochro-
matic retinal image system 100 may include only one color
light source 104. For example, light source 104 may only
include one or multiple red diode lasers or red light emitting
diodes. Alternatively, light source 104 may include three col-
ors (red, green and blue) to provide a triangular gamut of
colors under a CIE color mapping system, or another suitable
color mapping system, that can be combined to produce an
array of colors. In a specific embodiment, a red light source
outputs light with wavelength of about 628 nm, a green light
source outputs light with a wavelength of about 532 nm, and
a blue light source outputs light with a wavelength of about
4'75 or 44’/ nm. Other wavelengths may be used for each color.

In one embodiment, light sources 104 include one or more
lasers. As shown, light source 104 includes a red laser set
104a, blue laser set 104b, and green laser set 104¢. Each color
set may include any suitable number of lasers. The number of
individual lasers will depend on the amount of light retinal
image system 100 desires to produce, the light output of each
light source, and the optical efficiency of retinal image system
100. In a specific embodiment, each laser 1s kept in the class
II1a range below about 1.0 mW. Other laser powers may be
used.

In general, a laser refers to any device that relies on a lasing,
mechanism to generate light. Typically, a laser responds to
clectrical input and outputs photons and light. One advantage
of lasers as a light source 104 1s that they permit highly
accurate temporal output, which facilitates control. Another
advantage 1s that lasers produce highly directional and coher-
ent light. Coherent light refers to light that 1s temporally
and/or spatially in phase, which simplifies light path manipu-
lation and transmission optics 106 that deliver light from light
sources 104 to light valve 108. Laser light sources 104 may
include diode lasers, diode pumped solid-state lasers, or any
other suitable laser.

Diode lasers, or semiconductor lasers, refer to a class of
lasers that rely on lasing action in a silicon-based lasing
chamber. Many diode lasers employ opposing and parallel
mirrors configured 1 a chamber carved nto a silicon sub-
strate. Electrical excitation of the silicon substrate generates
light. One suitable red light generating silicon substrate
includes GaAs. The opposing mirrors reflect light produced
in the chamber, and one mirror includes a small opening from
which light escapes the chamber. Since the mirrors are par-
allel, light emitted from the opening is generally output with
a constant direction. The light 1s thus emitted with minor
divergence at most, which can be corrected using an appro-
priate exit lens.

Light source 104 may also include a diode pumped solid-
state laser. These lasers include a crystal that emits light when
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excited by a diode laser. The type of crystal will determine
what color 1s emitted from the diode pumped solid-state laser.
Diode lasers and diode pumped solid-state lasers suitable for
use with the present ivention are commercially available
from a wide variety of vendors.

In another embodiment, light sources 104 include multiple
light emitting diodes for each color. For example, light
sources 104 may include blue light-emitting diodes, red light-
emitting diodes and green light-emitting diodes. In this case,
an output lens collects ambient light emitted by the LEDs and
collimates the light for transmission along a desired optical
path.

Transmission optics 106 are configured (e.g., positioned
and dimensioned) to receive light from light sources 104 and
transmit the light to the light valve 108. Transmission optics
106 may include any number of lenses and other optical
components suitable for gmding and manipulating light along
a desired optical path. As shown, transmission optics 106 for
retinal image system 100 include a dichroic cube 1064, ach-
romatic lens 1065, and a prism 106c.

Dichroic cube 106a recerves light from each separate color
light source and combines the three separate light paths 105 of
cach light source 104a-c into a common light path 107 for
transmission onto the light valve 108 (via prism 106¢). Dich-
roic cube 106a 1includes four faces; three faces each receive
light from a different color light source 104, while the fourth
face acts as an output for dichroic cube 1064. In one embodi-
ment, dichroic cube 106a 1includes a pair of polarized reflec-
tors (prisms). Each prism 1s designed to retlect a certain
wavelength range. As shown, the red and blue light beams
reflect towards the output face, while the green (wavelength
between blue and red) light passes through towards the output
face. Dichroic cubes suitable for use with the present mven-
tion are commercially available from a variety of vendors.

Achromatic lens 1065 shapes light along a common light
path 107 for transmission imto prism 106¢. For example,
achromatic lens 1065 may correct for any divergence or con-
vergence 1n the light, and/or resize the light in flux area to
suitably match the size of light valve 108. This 1s particularly
useiul when LEDs are used for light source 104; laser light
sources 104 may not need an achromatic lens 1065.

Prism 106c¢ a) permits light transmission onto the light
valve 108 from light path 107, b) receives an image reflected
from valve 108, and ¢) redirects the image out onto light path
109. Prism 106c¢ includes a suitably angled surface 111 that
selectively permits light transmission through 1t based on an
angle of incident light. At certain angles, light reflects off
surface 111; at other angles, light passes therethrough. As
shown, prism 106c¢ 1s positioned such that light from path 107
passes through surface 111 and onto light valve 108. In addi-
tion, prism 106c¢ 1s positioned such that a reflected image 113
from light valve 108 retlects off surface 111 and along light
path 109 to mirror 110a.

Light valve 108 selectively transmits light according to an
input video signal. In the embodiment shown, light valve 108
includes a digital micromirror device. A digital micromirror
device 1includes an array of tiny mirrors that are individually
addressable and each actuated via a control signal 1ssued by
controller 102. Each mirror corresponds to a pixilated x-y
position according to a resolution for digital micromirror
device 108 and retinal image system 100. For the triple color
path embodiment shown, light 1s sequentially output by each
red, green and blue light source 104 and timed with controlled
reflection by each mirror. Fach mirror may be rapidly
deflected so as to control the amount of light for each pixel
and color. In an RGB color scheme where the video data for
cach color varies from O to 255, each mirror selectively
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reflects light for each color according to the video data. For
example, a reddish color having RGB values of 240/15/25 at
a given pixel 1s transmitted by a mirror for that pixel accord-
ing to timed control signals provided by controller 102 that
time with red, green and blue light transmitted onto the mirror
for that pixel. Collectively, controller 102 similarly controls
cach mirror 1n micromirror device 108 to provide an output
image according to the video data on a pixilated basis.

The number of tiny mirrors determines the resolution of
light valve 108, which generally determines the resolution of
retinal 1mage system 100. Digital micromirror devices are
commercially available with a wide array of resolutions.
Texas instruments of Dallas Tex. provides a family of com-
mercially available micromirror devices, such as the DLP
series, suitable for use with the present invention.

In another embodiment, light valve 108 includes one or
more transmissive-based light valves, such as three LCD
filters that are each dedicated to selectively transmitting light
ol a specific color 1n a triple light path system. Such trans-
missive-based light valves are also widely commercially
available, and use different light paths and optics than that
shown for the reflective-based light valve shown. Image paths
with transmissive-based light valves are known to one of skall
in the art and the type of light valve 108 or particular light path
employed does not limit the present invention.

The image 113 produced and reflected by light valve 108
travels back to prism 106c, reflects off surface 111 1n prism
106¢, and then proceeds along optical path 109. Retinal
image system 100 then uses a projection system 110 that
receives image 113 and transmits the image towards an eye of
a player interacting with gaming machine 10.

Projection system 110 includes mirror 110a and directing,
optics 1105. Mirror 110a redirects the output image 113 from

prism 106¢ to directing optics 11056. Focusing optics may also
be mncluded 11 light source 104 includes LEDs.

Directing optics 1105 direct image 113 towards an eyeof a
person (which typically moves). To do so, retinal image sys-
tem 100 needs to know the location of the eye being projected
into. In one embodiment discussed below, system 100
employs a camera, an inirared system and logic based on an
assumed 1nteraction between the player and gaming machine
to determine a current location of the player’s eye. Directing,
optics 1105 may include any suitable hardware to carry out 1ts
functions. For example, optics 11056 may include one or more
lenses coupled to positioning actuators, such as a one or more
dc motors. Controller 102 then operates the actuators to steer
the image 1nto the person’s eye using directing optics 1105.
When light source 104 includes LEDs or produces non-co-
herent light, optics 1105 may also focus an 1mage at the
player’s eye.

In one embodiment, directing optics 1105 raster scan an
image towards the player’s eye one pixel at a time. In this
case, a positioning mirror included with optics 11056 sequen-
tially reflects and points video information one pixel at a time,
in raster order, for an 1image. This leverages the eye’s biologi-
cal latency time for processing visual information by raster
scanning pixilated data onto the retina so fast that the eye
spatially perceives the fast moving and pixilated projection as
a single 1mage. Raster casting then repeats according to the
reiresh rate of the video data. This embodiment thus uses low
power and high-speed 1image casting on a pixilated basis. In a
specific embodiment, retinal image system 100 casts less than
about 1 milliwatt of light. Other projection techmques and
casting orders are suitable for use with the present invention.
In another embodiment, the entire image 1s cast 1nto an eye at
once.
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Retinal image system 100 may include optical configura-
tions other than the specific example shown. For example,
retinal 1mage system may include one or more transmission
type LCD light valves that employ three optical paths known
to those of skill 1n the art. Transmission optics 106 may also
include less or additional optics based on the configuration of
retinal image system 100. For example, additional optics may
be used to collimate light produced by LED light sources 104.
Lasers output substantially coherent and collimated light,
which reduces the complexity of transmission optics 106.
However, light-emitting diodes may employ additional colli-
mating optical components to increase optical efficiency. In
addition, the retinal 1mage system 100 shown in FIG. 2
includes one specific example of an optical path in transmis-
s10n optics between the light source and light self one away.
Other configurations are suitable 1n gaming machines of the
present mnvention. In addition, a monochromatic system may
include less complexity.

In order for the projection system 100 to project an 1image
into a player’s eye, system 100 needs the location of the eye.

Eye tracking system 112 detects and senses the position of
an eye relative to a position of a gaming machine. In one
embodiment, eye tracking system 112 outputs a signal indica-
tive of the relative position between the person’s eye and a
gaming machine, or some specific component of the gaming
machine such as projection optics 110. This information 1s
used to provide control signals for the directing optics 1105
and indicate where to cast the 1mage.

People and their eyes move. Heads tilt and rotate, a seated
player at a gaming machine shifts, eyes reposition to view
different portions of a screen, etc. As the terms are used
herein, eye location refers to locating an eye at a particular
instance, while gaze tracking refers to locating the pupil and
eye over time and accounts for movement by the eye. More
specifically, eye location finds the eye relative to the head.
Gaze tracking accommodates for where a player 1s looking
with their eyes, which may be a combination of eye move-
ment and head movement. Thus, the position and direction of
the pupils, plus the rotation angle of the head, describe gaze
detection information. Despite such movement, retinal image
system 100 projects an 1image into the eye using repeated gaze
tracking and detection of changing eye position. For example,
eye tracking system 112 may produce a direction and spot
position (X, v, z) at a desired refresh rate suitable for a raster
scanning light beam output by the projection optics 1105.

In one embodiment, eye tracking system 112 includes a
camera 114, eye illuminator 116, and a processing system
configured to locate an eye relative to a portion of the gaming
machine 10 and/or retinal 1image system 100.

Camera 114 1s configured to capture an image including an
eye of a person when the person 1s near a gaming machine.
FIG. 3A illustrates a person 120 seated in front of gaming
machine 10. In this case, camera 114 (FIG. 1A, FIG. 4A, or
FIG. 4B) includes a field of view such that a head of the
player, while seated, 1s 1n the field of view and 1mages pro-
vided by the camera include mnformation related to the posi-
tion of one or both of the person’s eyes.

Camera 114 captures 1mages of a viewing area around a
gaming machine. In one embodiment, camera 114 1s fixed and
does not move relative to the gaming machine or area around
the gaming machine. In another embodiment, camera 114 1s
positionable via one or more motors that allow the camera to
move and the viewing area to change (e.g., to track a person
moving in front or near the gaming machine). The camera
may also employ automated optical and digital zooms to
facilitate 1mage capture. In some cases, finite location of a
tracking zone (as will be discussed 1n more detail below)
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allows camera 114 to not need automated optical and digital
zooms. The tracking zone also positions camera 114 on the
gaming machine. For the gaming machine shown in FIG. 1A,
the camera 1s fixed and positioned to capture an 1image of a
person’s head, provided that the person 1s sitting or standing
in front of the gaming machine.

Thus, the present invention may leverage known interac-
tion dynamics between a player and a gaming machine. For
example, the player usually stands or sits 1n front of a video
monitor during interaction with a gaming machine. Other
assumptions may be used top facilitate eye location and track-
ing. A retinal 1mage system may be configured with one or
more of these assumptions to scan a finite area or space where
the player and their eyes are expected to be while interacting
with a gaming machine.

In one embodiment, the present invention defines a track-
ing zone 122 to facilitate detection of a person and/or their
eyes. The tracking zone 122 refers to an expected region 1n
which an eye, or another portion of the person such as the
head, 1s expected to be located when the player interacts with
a gaming machine. In one embodiment, the tracking zone 122
1s determined during design of system 100 and defines a finite
area where the player’s head or eyes should be located when
playing a game. This logically confines the area and space for
detection and 1mage casting, and provides a responsive eye
detection system that 1s able to detect and track eye location
and stare vergence (where the eye points) in real time.

Tracking zone 122 may be two-dimensional (a plane) or
three-dimensional (a box). A 2-D tracking zone 122 may
include a predetermined rectangle in a camera image. Width
and height may be suitable to quantitatively characterize a
2-D tracking zone 122. A 3-D tracking zone 122 may include
a predetermined rectangle plus a depth that collectively pro-
vide a 3-D box for zone 122. Other shapes may be employed,
and a variety of coordinate systems may be used to spatially
characterize tracking zone 122. A 2-D tracking zone 122 (or
a plane included 1n a 3-D zone) 1s usetul to set a field of view
for camera 114.

Tracking zone 122 may be sized according to an applica-
tion. In one embodiment, the tracking zone 1s sized according
to the size of a person’s head interacting with a gaming
machine. In a specific embodiment, the tracking zone esti-
mates a likely position of the player’s head or eyes while
sitting and/or standing in front of the gaming machine.

As mentioned above, the present imnvention may leverage
known interaction dynamics between a player and a gaming
machine. One or more assumptions may be used to help
determine the size of tracking zone 122. One assumption 1s
that a person usually stands or sits 1n front of a video monitor
during game play.

Another assumption 1s that, when game play begins, the
player would have just pressed a button on the gaming
machine or touched an icon on a touch video monitor. This
means that the player would be at most arms length (14" to
20"y away from a known location (button, touch screen, etc.)
on the machine.

This physical contact proximity assumption also permits
probability estimates on height of people 1n front of the gam-
ing machine. Standard ergonomic charts provide relative
positions between a player’s eyes and a chair that they are
seated on, whose position 1s known. More specifically, known
setup mformation and ergonomic seated height charts pro-
vide a range as to where the person’s head should be. Since
chair height 1s know relative to the gaming machine from
gaming machine design and construction, say a typical gam-
ing stool or seat positioned 1n front of a gaming machine, then
a range ol heights where the eye (or head) should be can be
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determined from the ergonomic charts. This provides a height
range—or vertical dimension—ior tracking zone 122.

One specific ergonomic chart pertinent to the design of
workstations provides for a range of people sizes and posi-
tions between a chair and a person’s eyes. Tracking zone 122
based on mformation from the ergonomic charts may be
selected by a percentile capture, which estimates a percentage
of people within the tracking zone, e.g., 50%, 95%, 98%, etc.
In other words, the larger tracking zone 122, the more people
that camera configured based on tracking zone expects to see.
One or more ergonomic rules of thumb may be applied when
designing tracking zone 122. ‘Sitting height” refers to a dis-
tance from a person’s seat to the top of their head; ‘eye height
1n a sitting position’ refers to a distance from a person’s seat
to their eyes. For example, the height eye height of males in a
sitting position 1s about 13 centimeters (between the top of
their head and their eyes) less than their sitting height; that of
females 1s about 10-12 inches less. Similarly, when people sit
normally (with some slump), their eye height lowers (be-
tween the seat and their eyes) by about 3 cm for males and the
same for females. Other ergonomic rules may be used 1n
designing tracking zone 122.

A buffer may also be added to the tracking zone 122 height
to capture more people. The buifer may be a percentage of the
height, such as 10% on the top and bottom, or a set number
such as 10 centimeters on the top and bottom. Other buffers
factors may be used.

In one embodiment, the ergonomic seated height charts
and buffer factors provide tracking zone 122 bottom edge and
top edge, respectively, about 24" and about 36" above the seat
height, which should capture the majority of adults that play
at a gaming machine. This provides a tracking zone height
127 (FIG. 3A) of about 12 inches (36-24=12). Other bottom
edge and top edge distances for tracking zone 122 may be
used. In one embodiment, tracking zone 122 includes a height
127 from about 4 inches to about 24 inches. In a specific
embodiment, tracking zone 122 includes a height from about
8 inches to about 16 1inches. A second camera can be used to
increase height 127 and other tracking zone 122 dimensions.

Ergonomic estimates may also be used to build a width 129
for tracking zone 122 (FIG. 3B). Available ergonomic charts
for interpupillary breadth provide statistically common dis-
tances between two eyes. These charts are used 1n the design
of eyeglasses, binoculars and other optical aids, for example.
A distance between eyes from about 1.25" to about 3.0"
covers the majority of people. A logical 3.0" max between
two eyes allows the detection of one set of eyes from multiple
sets within tracking zone 122. During processing of the video
information, this logically filters out a second person 1n track-
ing zone 122 who also 1s looking at the screen to view an
image the {irst person sees.

A buftler may also be added to width 129 for tracking zone
122 to allow for horizontal head movement to each side (left
& right) and head rotations about a vertical axis. A horizontal
butffer ranging from about 3 inches to about 10 inches added
to each side 1s suitable for many gaming machines. In a
specific embodiment, the horizontal butier 1s about 6 inches.
Other horizontal bufiers may be used to allow for eye detec-
tion.

Cumulatively for width 129, tracking zone 122 may range
from about 7 inches to about 23 inches. A 15 inch width 129

1s suitable 1n many instances. Other tracking zone widths
width 129 may be used.

A depth 131 or depth range may also be predetermined for
a 3-D tracking zone 122 (FIG. 3A). As mentioned above, a
player 1s typically within arm’s reach when interacting with a
gaming machine. Using a range for ergonomic arm’s length

10

15

20

25

30

35

40

45

50

55

60

65

12

variability from 14" to 20", and adding 6" for head movement
back and forth, provides a 12" depth to tracking zone 122.
Other depths may be used. In a specific embodiment, the
tracking zone 122 1s a 3-D cube with 12"x12"x12" dimen-
S101S.

Position for tracking zone 122 relative to a gaming
machine may also be pre-determined 1n 2-D or 3-D space. The
position may be determined relative to any point on the gam-
ing machine, such as the projection optics 1105 or camera
114. In one embodiment, the horizontal center of the gaming
machine 1s used as the horizontal center of tracking zone 122.
The average eye height of a sitting person (known from ergo-
nomic charts) for the chair (whose height 1s also known) 1n
front of a gaming machine may be used as the vertical center
of tracking zone 122. Depth may be determined using ergo-
nomic arm’s length variability from the front face of the
gaming machine, or certain buttons and features that the
person touches. In a specific embodiment, the vertical center
of tracking zone 122 for a person sitting on a 26" gaming chair
in front of video gaming machine 1s: 56" (height), in the
horizontal middle of a 30" wide machine (width), and has a
center depth of 17" ((20-14)/2+14). In this case, the player
should be looking at the front face of the gaming machine,
e¢.g., 1 the player just won a jackpot or recerved the entry to a
bonus game or level. Other centers and ergonomic assump-
tions may be used.

As the size of tracking zone 122 and field of view for the
camera increases, image detail of video information available
to processing 1mages produced by the camera decreases for a
fixed resolution camera. The tracking zone thus presents a
trade-oil: visual information detail 1n each 1image versus size
of the tracking zone. In one embodiment, tracking zone 122 1s
reduced 1n size to increase the detail of visual information in
images captured by camera 114.

Since people vary significantly 1in height, the tracking zone
may be set to capture a statistical subset of all possible
heights. For example, the tracking zone may be set 1n its
vertical dimension to capture 95% of the heights available for
people standing and/or sitting in front of the gaming machine.
Other statistical ranges may be used.

Tracking zone 122 may also be altered 1n size to compen-
sate for expected movements of a player interacting with the
gaming machine. As illustrated in FIG. 3A, an angle 124
characterizes easy head tilts of a seated person that result 1n
changes 1n the vertical position of a person’s eyes. Tracking
zone 122 may thus be tailored 1n size to accommodate for
changes 1n location of a person’s eyes due to changes 1n angle
124. Other ergonomic considerations may also be used 1n
defining tracking zone 122.

While FIG. 3A 1illustrates a person seated in front of a
gaming machine, and uses this assumption to build tracking
zone 122 and locate an eye, the present mmvention 1s not
restricted to any particular position of a person relative to a
gaming machine. For example, tracking zone 122 may be
coniigured to locate an eye of a person standing near a gaming
machine and direct an 1mage into the standing person’s eye.
Or configured for both standing and sitting. In one embodi-
ment, present invention casts an 1image into an eye of the
person as long as the person 1s within about 1 meter to about
3 meters of the gaming machine.

Referring back to FIG. 2, eye illuminator 116 1s located
within or about the external cabinet of gaming machine 10
and 1s configured to illuminate the person’s eyes so as to
improve detection of an eye. Illuminator 116 directs light
towards the person while the person interacts with the gaming,
machine.
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In one embodiment, the present invention uses eye reflec-

tion to help track the position of an eye. In one embodiment,
illuminator 116 uses reflection of light from a person’s eyes.
Red-eyeretlection 1s a common phenomenon in photography.
The red color comes from light that reflects from a person’s
eyes and typically occurs 1n photography when a flash 1s used.
The flash 1s bright enough to cause a reflection off of the
retina; what 1s seen 1s the red color from blood vessels nour-
1shing internal portions of the eye. Illuminator 116 may simi-
larly provide light so as to produce a reaction in the eye that 1s
detectable by camera 114. The reaction 1s visible, captured 1in
an 1mage, and produces information in the resulting image
that 1s used for eye locating.
In one embodiment, eye illuminator 116 emits inirared
light. When an eye 1s 1lluminated with infrared light, the retina
reflects light and becomes more detectable 1 an 1mage cap-
tured by a camera. In a specific embodiment, eye 1lluminator
116 includes an infrared light source, such as one or more
inirared light-emitting diodes. In this infrared embodiment,
camera 114 includes an 1image device (CCD, etc) that 1s able
to detect the normal color wavelengths as well as a range of
inirared (IR ) wavelengths. In other words, the IR light source
talls within the receiving spectrum of camera 114. Many
suitable camera CCDs offer a wide receiving spectrum that
allows the IR reflection to show up 1n the image as a lighter or
brighter spot. The camera 1s still receiving a color 1mage so
some of the colors may shift to red or white. In another
embodiment, camera 114 1s an infrared camera. Some infra-
red cameras use a charge-coupled device that converts incom-
ing light to grayscale information. Each of the grayscale
pixels will detect and convert incoming light to a digital
format, such as a 256 gray scale light intensity.

One way to reduce “red eye” in photography 1s to move the
flash away from the lens. The present invention, however,
may do the opposite. In one embodiment, camera 114 and
inirared light sources 116 are disposed close to each other
such that infrared reflection from an eye 1s increased for
detection by camera 114. In addition, illuminator 116 may be
located close to display 26. FIG. 4A illustrates one suitable
arrangement 150 for camera 114 and a circular array of infra-
red hight-emitting diodes 116 that are both located close to
display 26. In this case, infrared LEDs 116 are disposed
circumierentially abouta lens 152 of camera 114. In addition,
camera 114 1s located at the middle of the top edge of display
26. Other proximate configurations between camera 114, an
inirared light source 116, and display 26 may be used. For
example, the infrared light source 116 may include a single IR
LED arranged next to camera 114.

In another embodiment, numeral 152 refers to a protective
window behind which both a camera and the projection sys-
tem are located. Co-locating the camera and projection sys-
tem may reduce positioning differences and errors.

A variety of commercially available cameras may be used
for camera 114. In a specific embodiment, camera 114 1s a
model number #EC-PC-CAM as provided by Elyssa Corp of
Briarcliff Manor, N.Y. This color camera changes to black
and white when light levels drop, and relies on a filter to
improve IR sensitivity. A suitable black and white camera
with near infrared capability 1s model number #20K14XUSB
as provided by Videologic Imaging of San Diego, Calif. Other
cameras may be used.

Multiple cameras 114 may be used. For example, multiple
cameras are helpful when the eye tracking system employs a
large tracking zone 122. A single camera can typically track
head rotation up to —/+30 degrees; multiple cameras increase
the permissible viewing angle. FIG. 4B shows a two-camera
system 1n accordance with a specific embodiment of the
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present invention. Each camera 114aq and 1145 1s located near
a top corner of display area 26 and the IR light source 1s
located 1n the center. Two cameras 114 increases the permis-
sible size of tracking zone 122. It also improves tracking the
rotation of the person’s head and eyes to larger angles away
from the display 26.

FIG. 5 1llustrates a process tflow 300 for providing retinal
images to a player of a gaming machine 1n accordance with
one embodiment of the present invention.

Process flow 300 begins by determining image casting,
information used to cast an 1image into the eye of a player
interacting with a gaming machine (302). The image casting
information refers to the spatial position of a person’s eye
relative to the gaming machine, or some component thereof.
For example, the image casting information may include the
location of the eye 1n a tracking zone (described below) or
within a known and steady field-of-view of a camera. Retinal
image system 100 relies on knowing the location of the per-
son’s eye relative to the gaming machine or projection sys-
tem. Since the camera and projection system (and most other
components on the gaming machine) are fixed, knowing posi-
tion of the eye relative to one of these components allows the
position of the eye relative to the projection system for image
casting into the eye from the projection system. As mentioned
betore, people vary 1n size, which atfects variability in where
an 1mage 1s cast. A tracking zone as described above accounts
for such variability.

In addition, people and their eyes tend not to remain still.
This dynamic behavior forces the retinal 1mage system to
track eye position and responsively change the direction of
image projection (see FIG. 6).

Once the 1mage casting information has been determined,
retinal 1mage system 100 then projects an 1mage 1nto a per-
son’s eye (304 and FIG. 7). In one embodiment, the image 1s
substantially two-dimensional, as perceived by the person. In
another embodiment, the 1image 1s perceived as being three-
dimensional.

Process flow 300 may continuously repeat according to a
predetermined refresh rate (306). The refresh rate may
include 1) a refresh rate of video information provided to the
person, or 11) a tracking rate for locating a player’s eye.
Typically, the refresh rate for process flow 300 1s the greater
ol these two rates. The rate of video alteration may be similar
to other forms of video output, such as flat-panel display
technologies. For example, video images may be refreshed at
a rate of 16, 24 or 32 1mages per second. Other video 1image
refresh rates may be used with process tlow 300.

The tracking rate detects movement of an eye and/or per-
son at a predetermined rate. This maintains a retinal 1mage 1n
an eye despite movement of an eye or person. It 1s understood
that retinal 1image system 100 may output static video data
that does not vary over time, but still implement a tracking
refresh rate that compensates for eye movement. Process tlow
300 may thus repeat even though the video image cast into the
person’s eye includes unchanging video information.

The exact refresh rate used may be stored in software, and
may change. A retinal image system may increase the refresh
rate when a player plays a game to improve tracking and
image perception quality, for example.

In one embodiment, each refresh captures a new 1mage of
a person positioned near a gaming machine. Fach image may
then be analyzed for: 1) facial outline, 2) eye region, 3) eye
position, 4) 1ris size and geometry, 5) ir1s to pupil centers, and
6) pupil to pupil center.

FIG. 6 illustrates a process tlow 310 for determining image
casting information 1n accordance with one embodiment of
the present invention (step 302 of process tlow 300). Process
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flow 310 uses a combination of video detection and computer
processing of the captured video information to determine the
image-casting information. In addition, process flow 310
both locates an eye, and if necessary, performs gaze tracking,
over time that accomodates movement by the eye and person.

Process flow 310 may begin with detection of a person near
a gaming machine. A player often provides definite 1mput
when 1nteraction with a gaming machine begins. For
example, starting play for a game may include depositing
credit, selecting one or more buttons such as deal/draw for a
poker game, 1mitiating a spin on a slot game, or other start
indicia for other games. In another embodiment, a camera
continually captures images of a tracking zone 1n front of the
gaming machine. Motion detection between consecutive
images captured by the camera may then be used to detect
entrance of a person into the tracking zone. Many motion
detection algorithms are suitable for such person recognition.
At some point, detection of a person near the gaming machine
triggers a host controller included 1n the gaming machine to
send a command to 1nitiate the retinal 1image system 100. In
one embodiment, the controller communicates with a retinal
image system controller to begin eye location and tracking.

Eye location may begin by locating a person’s head (312).
In one embodiment, head location applies visual processing
techniques to an 1image captured by a camera to produce head
and/or face edge features. More specifically, video informa-
tion in an 1image captured by the camera 1s processed to locate
edges of the player’s head using one or more visual process-
ing techniques. These techniques may include edge detection
algorithms, smoothing operations, etc. One of skill 1n the art
1s aware of the various visual processing, biometric and face
recognition computer-implemented techmques that may be
used to locate a head within an 1image. One suitable method
for detecting the presence of a person relative to a gaming
machine 1s described in commonly owned U.S. Pat. No.
6,645,078, which 1s incorporated by reference herein 1n 1ts
entirety for all purposes. Additional visual processing tech-
niques are well known to one of skill in the art and the present
invention 1s not limited to any particular visual processing
technique for locating a person or head 1n a video 1mage. Step
312 produces an edge outline of the player’s head and/or face.
It may also produce facial edge information for one or more
facial features, as will be described below.

Process flow 310 may also determine a distance between a
person’s head and the gaming machine or image casting
optics. This 1s useful when the light source does not include a
laser and requires focusing based on the casting distance. In a
specific embodiment, step 312 also overlays a model head or
face to the edge outline produced from the edge detection.
The model represents a generic head or face having spatial
dimensions at a predetermined distance. A person at a shorter
distance to the camera will appear larger in an 1image than a
distant person; the difference relates to the person’s distance
from the camera. The model head size may be arbitrarily set
according to a predetermined distance. Diflference 1n size
between the edge outline and the model then permits deter-
mination of a distance from the person’s head to the gaming
machine, or some reference on the gaming machine.

One embodiment uses a tracking zone that determines field
of view for the camera (and what information the camera
captures for edge detection). The tracking zone also deter-
mines distance for sizing the model head or face. The depth
center for the tracking zone may be used as the predetermined
distance, e.g., the distance from the gaming machine to the
3-D box center, measured along the floor. As mentioned
above, once a player begins playing a game at the gaming
machine, 1t may be assumed that the player i1s standing or
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sitting 1n front of the gaming machine—and within arm’s
reach. This provides a starting position for electronic sensing
of the person’s head and features using a camera, and pro-
vides a high probability estimate of proximity between the
person’s head and the gaming machine.

Once the head has been located, the processing system then
locates one or both eyes for the person (314). One or more
methods may be used for eye detection. For example, infrared
red-eye techniques or edge detection of video mnformation in
an 1mage produced by camera 114 are suitable.

In one eye location technique, the processing system ana-
lyzes video information in an image, or a portion thereof
around the eyes, produced by camera 114 to determine the
location of the eyes. The edge detection performed for head
location may also be configured to locate the player’s eyes 1n
the 1mage. Any suitable computer-implemented visual pro-
cessing, biometric, and face recognition technique may be
used to locate one or more eyes 1n an image. For example, an
edge detection algorithm and face recogmition logic may be
combined to 1dentity and locate the face of the person, eyes
within the face, and pupils within the eyes.

In another embodiment, infrared red-eye techmques are
used to locate and improve eye and pupil location detection.
These may be usetul, for example, if only a portion of a face
1s visible due to obstruction and/or the overlay doesn’t fit. In
this case, the retinal image system controller turns on the IR
light source and the camera captures retlection of this light.
An nfrared image produced by the camera includes signifi-
cantly improved data for the person’s eyes, facilitates edge
detection of the eyes and pupils by increasing contrast
between the reflective eyes and non-reflective parts of an
image, and provides greater salience of video information
used to 1dentily the location of one or both eyes.

Multiple methods may be used to locate the eyes. Multiple
methods are useful to verily the results of one method with
another and increase confidence of eye location. In a specific
embodiment, process flow 310 first uses edge detection to
locate the eyes and then verifies location of the eyes using IR
scanning and video processing. In this case, the infrared red-
eye techniques verily and improve eye and pupil detection.
The IR light source can turned on/off to switch between to
normal camera mode and IR detection. If results of the mul-
tiple methods do not match, or fit within some predetermined
agreement range, then process flow may repeat one or both
eye detection methods. When completed, step 314 provides
one component of image casting information: the location of
an eye. Process tlow 310 saves the image casting information
(316).

Process flow 310 may also determine other casting infor-
mation. The nature of laser light does not require focusing and
does not substantially vary with range from the projection
optics to the player. However, not all light sources that can be
used 1n a projection system are range independent. When the
optical projection system uses a light source or projection
configuration that needs focusing, such as some LED sys-
tems, and relies on knowledge of range to the person, then
process flow 310 may also determine range to the person. In
a specific embodiment, range determination uses a measure
of the distance between a person’s eyes. This determination
uses locations of each eye previously determined from an
image; and calculates a distance between features or other
common reference points for each eye. One reference point
may be the inside edge of each pupil. Another reference point
may be the center of each pupil. Other eye features and
reference points may be used.

As mentioned above, the distance between a person’s eyes
and the projection system 1s useful 1n some 1nstances, e.g.,
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when the light source does not include lasers. The distance
between eyes may also be converted into a distance from the
person’s eyes to the projection optics included 1n the retinal
image system. Thus, the processing system a) calculates a
distance between eyes previously determined from an image,
b) assumes a relatively constant distance between eyes for all
people, and ¢) scales the measured distance between eyes to
determine an orthogonal distance from the person to the cam-
era. This last step compares a ratio or template of the mea-
sured distance between eyes against the statistically common
distance between eyes for most people. This ratio or template
then provides the range between the person’s eyes and the
camera. This information may also be saved. To avoid range
determination, an LED light source can be focused to the
expected center of the head while allowing for the 6" differ-
ence from front to back without needing any refocusing.

A check 1s made to continue eye location detection (318).
Stoppage 1s desirable when 1nteraction has stopped, the game
1s over and no additional credit has been provided, the person
has left the machine according to motion detection, etc. It the
person leaves, then process flow 310 1s done and waits for
another person. I1 the person remains, then a check for gaze
tracking occurs (319).

(Gaze tracking begins when an 1mage 1s to be cast into the
person’s eyes. This 1s a matter of game, casino, and gaming
machine design. Suitable projection scenarios include when a
bonus event occurs on a gaming machine. In this case, the
retinal 1mage system projects images during a bonus and
includes video information related to the bonus. A win or win
mode on a game may also trigger the retinal 1mage system
projection and gaze tracking. During this game mode change,
the gaming machine’s controller may send a command to
“track”™.

Gaze tracking determines a gaze direction of the person
(320). Gaze direction determination accounts for two degrees
of freedom: the first relates to the person’s face direction and
orientation, while the second relates to location of the pupils
on the face.

For face direction and orientation, head position and rota-
tion will affect eye position, and may change. In other words,
indirect angles between the person’s face and camera will
alfect eye position and image casting direction. This includes
both head tilts (up and down) and rotations (left to right). A
camera catches the changes and video mformation provided
by the camera 1s processed to look for indicators of tilts and
rotations, such as changing distances between edges of the
face and/or color or shading changes. As mentioned above,
multiple cameras may be used to increase the range of detect-
able indirect angles between the person’s face and a camera.
However, typical interaction between a person and a gaming
machine includes the person facing a video screen and, after
significant gameplay, squarely looking at the video screen
with little angle of their face away from the plane of the
monitor. The present invention may use knowledge of this
interaction and install a camera relatively close to the lateral
center ol a video screen on a gaming machine. Regardless,
head position and rotation are monitored during gaze tracking,
so the eye position can be tracked 1n real time 1n the event of
off-center head movements.

Pupil location may change as the person looks at different
parts of a screen. Video output then, which 1s known, may act
as a first approximation of where the eyes are pointing. For
example, a winning sequence on the main display area will
include animated 1images and/or lights flashing and/or audio.
This aids 1n gaze tracking since the player shifts his or her
attention to a known area in the display area.
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Edge detection of video information, including and near
the eyes, 1n an 1image captured by a camera will also provide
pupil location (this mformation was gained in 314). More
specifically, knowing location of the eyes, the eye area 1s
extracted from an 1mage by a virtual display controller. Pupil
location 1s then detected (via edge detection and/or other
suitable visual processing techniques) and tracked. This can
be refreshed as desired. IR and other techniques can also be
used to assist or verily pupil identification and location within
the eye. The amount of reflection can be measured. Higher

reflection indicates the pupils are 1n a relative direct line to a
light source.

(Gaze tracking accommodates for the two degrees of free-
dom. Thus, changes 1n the distance between edges of the face,
plus color or shading changes, detects any head rotation or
t1lt. These changes are extrapolated to provide correctional
pupil location data. In one embodiment, a gaze tracking algo-
rithm combines the two degrees of freedom. If the system
senses a 5 degrees head rotation, then eye location rotates 5
degrees. I the player maintains constant gaze at a certain spot
in the display area, then the pupils have shifted the opposite
directed to the head rotation.

In a specific embodiment, momentary eye movements (less
than about 100 ms) are ignored. These may include and
accommodate for blinking and other types of involuntary eye
movements.

The present invention provides robust gaze tracking.
People with glasses can be serviced. In some cases, heavy
dark glasses and extremely blood shot eyes can affect detec-
tion, and process tlow 310 may stop projection for these
people or use alternate techniques. For example, pupil loca-
tion can be solely estimated using head position. If the system
cannot suitably estimate image casting information, then the
virtual display controller may request the game controller to
provide feedback to a player. This may include a tlashing
message, which causes the player to look at a specific and
known portion of the screen.

When completed, step 320 provides another component of
image casting information: the location of a pupil relative to
the eye. Process tlow 310 saves this image casting informa-
tion and sends 1t to the 1image casting controller (322). The
image casting controller then sends appropriate control sig-
nals to the projecting optics based on the eye and pupil loca-
tions.

A determination 1s made to continue gaze tracking (324).
This may occur at a desired refresh rate or upon other condi-
tions, such as whether the bonus mode, winning outcome, or
other visual information being presented, has finished.

Once the gaze tracking 1s working, the virtual display con-
troller starts projection. Typically, there will be minimum
pupil movement when a player sees the projected image, but
the gaze tracking system can tolerate significant pupil and
head movement during casting. In one embodiment, the
image casting system tolerates up to 15 degrees of head
rotation and/or tilt and lateral head movement within the
tracking zone.

Since the relative position between camera 114 and pro-
jection optics 11056 are known from manufacture and assem-
bly of the gaming machine, the distance between one of the
person’s eyes to the projection lens of the retinal image sys-
tem 1s easily obtained by simple addition or subtraction of the
difference 1n location between the projection lens and receiv-
ing camera on the gaming machine. Either eye for the person
may be precisely and dynamically located in this manner
relative to the projection lens. This changes any information
produce by processing video information in the camera to
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location of the projection optics. Image casting may proceed
into either eye using retinal image system 100.

Once the processing system determines the location of
cach pupil or eye relative to the projection optics of the retinal
image system (the casting direction), an 1image 1s then cast
into an eye. FI1G. 7 illustrates a process flow 330 for casting
information into an eye 1n accordance with one embodiment
of the present invention (step 304 of flow 300). One suitable
system for implementing process tlow 320 was described
above with respect to retinal image system 100 of FIG. 2.

Process tlow 320 begins by generating light (332). In one
embodiment, the retinal 1image system includes lasers and
light production relies on a lasing mechanism. Light genera-
tion may also include production by light emitting diodes, a
halogen lamp, or other light production device 1s suitable for
use 1n an optical projection system.

The 1image casting information 1s then used to set directions
for the projection optics components (334), which occurs
slightly before creating the image using the light valve due to
the speed of light. The projection optics are then ready to
redirect light from the transmission optics 1n the projection
system outside the gaming machine to an eye.

Transmission optics then transmit the light from the light
source to a light valve. The transmission optics may perform
one or more of the following optical functions: a) direct light
generated by the source along one or more light paths; b)
collimate the light (1f not already collimated) such that 1t
travels within desired ranges of convergence and divergence
along a light path; ¢) change flux size as desired; d) even or
smooth flux itensity distribution; €) combine multiple light
paths 1nto a single common light path (e.g., combine three
light paths for three separate colors 1nto a single common
light path onto the light valve); and 1) position the light path
for transmission onto the light valve.

The light valve then recerves the light and creates an 1image
based on video information provided to the light valve (336).
A video signal carries the video information, on a pixilated
basis, and 1s typically converted to light information 1n real
time. One suitable light valve retlects incoming light on a
pixilated basis to produce a reflective image. Another suitable
type of light valve selectively allows light to pass through
plane on a pixilated basis to produce a transmissive 1mage.
The present invention 1s not limited to these two specific types
of light valve technology or any other particular light valve
technology. Additional transmission optics transmit the
image from the light valve to a projection system for the
retinal 1image system.

The projection system casts an 1mage into the player’s eye
(337) using the directional position setin 334. The image may
be 2-D or part of a 3-D image construction. One or more
motors (or other suitable actuators) control the position of a
projection lens to alter the direction of projection, 1n response
to controls signals corresponding to the changing location
and direction of the player’s head and/or the player’s eye, as
determined by the processing system in process tlow 310. The
projection optics may optionally include one or more lenses
that atfect depth of focus for the projection.

Step 338 determines if there 1s new directional data. It so,
then process tlow 330 returns to 334 and sets a new optics
direction. This corresponds to the new information gained 1n
step 324 of FIG. 6. If the person’s eye has not moved, then
process flow 330 checks 11 there 1s additional images to be
cast (339). If not, then process flow 330 1s done. If the person
has not moved and video casting continues, new 1mages are
created (336) at the current projection optics position. This
may include the same video information, or new video infor-
mation (e.g., animation or other changing video).
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FIG. 8 1llustrates a process tlow 340 for initiating a retinal
image system in accordance with a specific embodiment of
the present mvention. Process flow includes electronic mes-
sages that are sent between a host controller 1n a gaming
machine and a controller for the retinal image system (such as
host controller 101 and retinal image system controller 102 of
FIG. 2). The host controller maintains priority control, while
the retinal 1image system controller provides feedback mes-
sages as requested by the host controller. The host controller
may also maintain constant communication transactions with
the retinal 1mage system controller even though no 1mage 1s
currently being cast into an eye.

Process flow 340 may begin when a player sits down and
begins playing a game at a gaming machine. In this case, the
player would have just pressed a button on a front panel of the
gaming machine or a button icon on a touch video (LCD)
monitor. Alternatively, process tlow 340 may begin when a
bonus event or a winning outcome occurs on a gaming
machine. Regardless of the gaming event, the host controller
initiates the retinal 1image system by sending a wakeup com-
mand to the retinal 1image system controller (344).

Inresponse, the retinal image system may return a response
message to the host controller indicating receipt of the initia-
tion command. It may also start initial projection actions. This
includes preparation of the light sources and a light valve. The
retinal 1image system controller also turns on the eye 1llumi-
nator and 1ts corresponding camera (346). In one embodi-
ment, the eye 1lluminator includes an infrared LED array
configured to shine infrared light on a person’s eyes when the
person 1s near the gaming machine. A camera then captures
one or more 1mages of the eyes (348). In another embodiment,
the camera 1s on continuous capture mode (say for 30 sec-
onds) once enabled.

The host controlled then determines whether to continue
(350), e.g., if a player stops playing at the machine or sends a
stop command for another reason.

The retinal 1image controller sends confirmation of eye
detection to the host controller (350). If the eyes are detected,
the retinal 1mage system controller sends a suitable verifica-
tion message to the host controller. In addition, the retinal
image system controller continues 1image capture and 1image
processing to continually monitor the position of the person’s
eye and determining image casting information (FIG. 6).
Image projection (FIG. 7) may then proceed for 2-D or 3-D
images that are constant or vary over time.

If there 1s no eye detection after a predetermined time
period, then the retinal 1image system controller a sends a
non-verification message to the host controller. The predeter-
mined time period may range from about 2 seconds to about
60 seconds, for example. Other time ranges may be used. The
non-verification message conveys that the retinal image sys-
tem could not find the player’s eyes. In response, the gaming
machine host controller may display a message on the main
video that asks a player to reposition. e.g., so as to enjoy the
rental imaging system. The host controller may also prompt
the user to input whether or not the person wants to use the
retinal 1mage system.

Conventional gaming machines are increasing in size and
often require a person to change body and head position to
read different screens on a single gaming machine. For
example, a main console 1n the center of the gaming machine
may output video information related to a game being played,
while a screen 1n the upper portion of a gaming machine
outputs a bonus game. The present invention, however, does
not require a player to change body and head position when
viewing bonus game mnformation, or any other video infor-
mation provided 1n addition to the a game on the main screen.
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In some cases, the retinal 1image system casts an 1mage such
that 1t appears between the person and the main video screen
for the gaming machine. For example, an overlay may include
a 2-D 1mage cast by the retinal image system that 1s linearly
aligned to intersect with an 1image on a flat panel monitor
included in the gaming machine. As a result, the player may
view additional visual imformation provided by the retinal
image system without removing their eyes from a main screen
and game played thereon.

In one embodiment, video information cast by the retinal
image system includes bonus game information. For
example, the retinal 1image system may cause an interactive
bonus game to appear 1n front of a player, between the player
and main screen. The player then makes one or more deci-
sions based on visual imformation provided by the retinal
image system that affect an outcome of a bonus game.

In another embodiment, the retinal image system casts 3-D
information into a player’s eye. In this case, video informa-
tion provided to the projection system includes 3-D video
information and the projection system dynamically adapts
depth of focus to create the perception of a 3-D 1mage. As an
illustrative example, IGT of Reno, Nev. provides a Star Wars
game on a gaming machine. One exemplary 3-D effect might
include generating an image of Princess Leia using the retinal
image system, similar to the 3-D image created by R2-D2 1n
the movie. Leia may linearly overlay with an image of a game
being played between the player and gaming machine, and
point to a particular bonus future on the video screen. Other
graphics, bonus game information and relationships between
the retinal 1image system visual information and main video
console may be used.

As mentioned before, entertainment 1s an important 1ssue
with gaming machines; player participation increases with
entertainment. Older machines solely relied on sounds and
fixed lights. Modern gaming machines employ computer ani-
mation, voice, and sophisticated 1mages to increase player
entertainment. The present invention expands 1image creation
capabilities for gaming machines. This increases entertain-
ment for many players, and provides gaming machine manu-
facturers and designers more options 1n designing entertain-
ing and interactive games.

Retinal image scanning as described herein employs some
form of processing to determine—and track—eye position of
a player. Referring now to FIG. 9, a simplified processing
system 300 1s shown 1n accordance with one embodiment of
the present imvention. Processing system 500 may replace
controller 102 shown i FIG. 2. Processing system 500
includes processor 3502, interface 504, program memory
5064, data memory 5065, bus 508, and retinal image module
510.

When acting under the control of appropriate software or
firmware, processor (or CPU) 5302 implements game play and
retinal 1image scanning functions as described herein. CPU
502 may include one or more processors such as a processor
from the Motorola family of microprocessors or the MIPS
family of microprocessors. In an alternative embodiment,
processor 302 1s specially designed hardware for controlling
the operations of a gaming machine. In one embodiment, one
of memories 506 (such as non-volatile RAM and/or ROM)
also forms part of CPU 502. However, there are many differ-
ent ways 1n which memory could be coupled to the processing
system.

Interfaces 504 control the sending and recerving of data to
and from system 500 and may support other peripherals used
with system 500. Suitable hardware interfaces and their
respective protocols may include USB interfaces, Ethernet
interfaces, cable interfaces, wireless interfaces, dial up inter-
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faces, and the like. For example, the USB interfaces may
include a direct link to an infrared camera as described above
and a direct link to a host processor in a gaming machine. Bus
508 (e.g., a PCI bus) permits digital communication between
the various components 1n system 300.

Retinal image control module 510 outputs control signals
to one or more components included 1n retinal 1mage system
100 (FIG. 2). In one embodiment, control module 510 coor-
dinates timed signals sent to the light source and light valve.
In this case, control module 510 includes light source con-
troller 510a and light valve control 53105. Light source con-
troller 510a outputs timed control signals 510d-fto red, green
and blue laser control components that control on/off timing
for each color laser light source 104.

Light valve control 5105 has several functions. More spe-
cifically, light valve control 5105: a) recetves video data
related to 2-D or 3-D video information from an input 511, b)
converts the video data 1nto pixilated control signals for light
valve 108, and ¢) outputs the pixilated control signals to the
operable control elements for each pixel in the light valve 1n
a timely manner that corresponds to colored light incidence
for each pixel. Light valve control 5106 will vary with a
specific light valve 108 used 1n system 100. In a specific
embodiment, light valve 108 includes a digital micromirror
device and control 51056 1s configured to communicate with
such a device. In this case, control 5105 provides digital
on/ofl signals that control the position of each mirror included
in the array. Each control component 510a and 51056 may
include suitable hardware and/or software for providing con-
trol signals to 1ts respective hardware.

Processor 502 contributes to control of components
included in retinal image system. In the embodiment shown,
processor 502 provides control signals to one or more motors
used 1n positioning directional optics 1106 on line 513. Pro-
cessor 502 also outputs control signals to eye 1lluminator 116
on a line 3515. Processor 502 additionally provides control
signals to camera 114 and receives video data from camera
114 corresponding to 1mage capture using line 517.

In one embodiment, processing system 500 1s included in a
gaming machine. In this case, processor 302 may represent
the main processor or a component control processor
included in the gaming machine. In another embodiment, a
retinal imaging system includes a separate hardware module
installed on a gaming machine that includes 1ts own process-
ing system 500.

Although the system 500 shown in FIG. 9 1s one specific
processing system, 1t 1s by no means the only processing
system architecture on which the present mvention can be
implemented. Regardless of the processing system configu-
ration, 1t may employ one or more memories or memory
modules (e.g., program memory 506a and data memory
506b) configured to store program instructions for gaming
machine network operations and operations associated with
retinal 1mage systems described herein. Such memory or
memories may also be configured to store player interactions,
player interaction information, motion detection algorithms,
edge detection algorithms, facial recognition programs and
other instructions related to steps described above, instruc-
tions for one or more games played on the gaming machine,
ctc. Memory 506 may include one or more RAM modules,
flash memory or another type of conventional memory that
stores executable programs that are used by the processing
system to control components in the retinal 1mage system.

Because such information and program instructions may
be employed to implement the systems/methods described
herein, the present invention relates to machine-readable
media that include program instructions, state information,
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etc. for performing various operations described herein.
Examples of machine-readable media include, but are not
limited to, magnetic media such as hard disks, floppy disks,
and magnetic tape; optical media such as CD-ROM disks;
magneto-optical media such as floptical disks; and hardware
devices that are specially configured to store and perform
program 1nstructions, such as read-only memory devices
(ROM) and random access memory (RAM). The mvention
may also be embodied 1n a carrier wave traveling over an
appropriate medium such as airwaves, optical lines, electric
lines, etc. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher-level code that may be executed by the
computer using an interpreter.

Although the foregoing invention has been described 1n
some detail for purposes of clarity of understanding, 1t will be
apparent that certain changes and modifications may be prac-
ticed within the scope of the appended claims. For example,
although the present invention has been described with
respect to a single retinal image system that casts an 1image
into one eye, a gaming machine may include to retinal image
systems that casts two images—one each eye for a person. In
addition, although retinal 1mage system 100 has been
described with respect to use with a commercially available
micromirror device, the system may be custom designed to
climinate one or more transmission optics, such as prism
106¢, achromat lens 10654, and mirror 1110a, which allows
the beam of light to be retlected at an angle (say 45 degrees)
to allow the beam of light to be directed at the projection
optics 1105. Theretfore, the present examples are to be con-
sidered as 1llustrative and not restrictive, and the invention 1s
not to be limited to the details given herein, but may be
modified within the scope of the appended claims.

What 1s claimed 1s:
1. A gaming machine comprising;:
an external cabinet defining an interior region of the gam-
ing machine, the external cabinet adapted to house a
plurality of gaming machine components within or
about the iterior region;
an eye detection system located within or about the exter-
nal cabinet, the eye detection system configured to do
the following:
locate an eye position of a person near the gaming
machine;
generate corresponding 1image casting mformation that
describes the eye position relative to a position of the
gaming machine such that an image may be projected
from the gaming machine to aretina of the person near
the gaming machine;
track the eye position; and
generate updated 1mage casting information according
to a predetermined refresh rate; and
a retinal 1image system located within or about the external
cabinet, the retinal 1image system comprising a projec-
tion system, the retinal 1image system configured to do
the following:
generate the image for the person;
receive 1mage casting information, including updated
image casting information, from the eye detection
system:
project, via the projection system, the image onto the
retina using the 1image casting information, the pro-
jected 1mage being confined to an area of the person’s
eyes; and
change a direction of 1image projection according to the
updated 1mage casting information.
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2. The gaming machine of claim 1 wherein the eye detec-
tion system includes a camera configured to capture an image
that includes the eye when the person 1s playing a game on the
gaming machine.

3. The gaming machine of claim 2 wherein the eye detec-
tion system includes an eye illuminator located within or
about the external cabinet and configured to direct light

towards the person while the person plays the game.

4. The gaming machine of claim 3 wherein the eye 1llumi-
nator directs infrared light towards the person.

5. The gaming machine of claim 3 wherein the eye detec-
tion system includes a processing system that 1s configured to
locate the eye using information captured in the 1mage.

6. The gaming machine of claim 3 wherein the eye 1llumi-
nator and the camera are located within six inches of each
other.

7. The gaming machine of claim 3 wherein the eye 1llumi-
nator 1s located 1n a central horizontal position relative to a
video display included in the gaming machine.

8. The gaming machine of claim 1 wherein the eye detec-
tion system constructs a tracking zone that estimates where
the person will be relative to the gaming machine when play-
ing a game on the gaming machine.

9. The gaming machine of claim 1 wherein the retinal
image system comprises:

one or more light sources that generate light;

a light valve configured to produce an 1image by selectively
transmuitting light according to video information;

transmission optics configured to receive light from the one
or more light sources and transmit light to the light valve.

10. The gaming machine of claim 9 wherein the one or
more light sources comprise a set of lasers.

11. The gaming machine of claim 10 wherein the set of
lasers includes a diode laser.

12. The gaming machine of claim 9 wherein the projection
system 1ncludes directing optics that are configured to direct
the 1mage toward the eye.

13. The gaming machine of claim 12 further comprising a
controller configured to provide control signals to an actuator
that positions the directing optics.

14. The gaming machine of claim 12 wherein the projec-
tion system 1s configured to raster scan the image into the eye
of the player.

15. The gaming machine of claaim 1 wherein the retinal
image system outputs less than about 1 milliwatt of light.

16. A gaming machine comprising:

an external cabinet defiming an interior region of the gam-

ing machine, the external cabinet adapted to house a
plurality of gaming machine components within or
about the interior region;

an eye detection system located within or about the exter-

nal cabinet, the eye detection system configured to do

the following:

locate an eye position of a person near the gaming
machine;

generate corresponding 1image casting information that
describes the eye position relative to a position of the
gaming machine such that an 1mage from the gaming
machine may be projected to a retina of the person
near the gaming machine;

track the eye position; and

generate updated 1image casting information according,
to a predetermined refresh rate; and

a retinal image system located within or about the external

cabinet. The retinal image system configured to recerve
image casting information, including updated image
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casting information, from the eye detection system, the
retinal 1mage system including:

one or more light sources that generate light;

a light valve configured to produce an 1image by selec-
tively transmitting light according to video informa-
tion, and

a projection system configured to do the following:
recetve the 1mage from the light valve;

project the 1mage onto the retina of the person using
the image casting information, the projected image
being confined to an area of the person’s eyes; and

change a direction of 1mage projection according to
the updated 1image casting information.

17. The gaming machine of claim 16 further comprising
transmission optics configured to receive light from the one or
more light sources and transmait the light to the light valve.

18. The gaming machine of claim 16 wherein the eye
detection system includes a camera configured to capture an
image that includes the eye of the person when the person 1s
near the gaming machine.

19. The gaming machine of claim 18 wherein the eye
detection system includes an eye illuminator located within
or about the external cabinet and configured to direct light
towards the person while the person plays a game on the

gaming machine.
20. The gaming machine of claim 19 wherein the eye
i1lluminator directs infrared light towards the person.

21. The gaming machine of claim 20 further comprising a
processing system configured to locate the eye using infor-
mation captured in the 1mage.

22. The gaming machine of claim 16 wherein the one or
more light sources comprises a set of lasers.

23. The gaming machine of claim 16 wherein the projec-
tion system 1s configured to raster scan the 1image into the eye
of the player.

24. The gaming machine of claim 16 wherein the retinal
image system outputs less than about 1 milliwatt of light.
25. A gaming machine comprising:
an external cabinet defining an iterior region of the gam-
ing machine, the external cabinet adapted to house a
plurality of gaming machine components within or
about the interior region;

apparatus for determining a person’s identity;

an eye detection system located within or about the exter-
nal cabinet and including:

a camera configured to capture an 1mage that includes a
person’s eye when the person 1s near the gaming
machine, and

a processing system configured to do the following:

determine a current eye position relative to a position
of the gaming machine, using information captured
in the 1image, such that an 1image may be projected
from the gaming machine to a retina of the person
near the gaming machine;

control the camera to track the eye position; and

generate 1mage casting information indicating the
current eye position; and

a retinal 1image system located within or about the external
cabinet, the retinal 1image system comprising a projec-
tion system, the retinal 1image system configured to do
the following:
receive the 1image casting information;

generate an 1image for the person, the image correspond-
ing with the person’s 1dentity;
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direct, via the projection system, the image onto the

person’s retina using the image casting information,

the directed 1image being confined to an area of the
person’s eyes.

26. The gaming machine of claim 23 further comprising an

eye 1lluminator located within or about the external cabinet

and configured to direct light towards the person while the

person plays the game on the gaming machine.

27. The gaming machine of claim 25 wherein the eye
illuminator directs inirared light towards the person.

28. The gaming machine of claim 25 wherein the retinal
image system outputs less than about 1 mW of light.

29. A method, comprising:

determiming an 1dentity of a person near a wager gaming,

machine;

repeatedly determining a current eye position of the person

relative to a position of the wager gaming machine such
that an 1mage may be projected from the gaming
machine to a retina of the person;

producing an image that corresponds with the identity of

the person; and

directing the 1mage onto the retina of the person according,

to the current eye position using a retinal 1mage system
incorporated into the gaming machine, the retinal image
system comprising a projection system configured to
receive the image and transmit the image toward the eye
of the person, the directed image being confined to an
arca ol the person’s eyes.

30. The method of claim 29 wherein the portion of the
gaming machine refers to a projection component of a retinal
image system included 1n the gaming machine.

31. The method of claim 29 further comprising locating a
pupil of the person within the eye.

32. The method of claim 29 further comprising determin-
ing a position of a head for the person relative to the gaming
machine and changing location of the eye based on the head
position.

33. The method of claim 32 wherein determining the posi-
tion of the head includes determining a tilt or rotation of the

head.

34. The method of claim 29 further comprising capturing,
an 1mage of the person using a camera.

35. The method of claim 34 further comprising shining
infrared light on the person.

36. The method of claim 29 wherein the eye 1s located
when the person touches a button or video screen included
with the gaming machine.

37. The method of claim 29 further comprising detecting,
the person when the person is near the gaming machine.

38. The method of claim 29 further comprising defining a
tracking zone 1n which the eye 1s expected to be located when
the person plays a game on the gaming machine.

39. The method of claim 38 wherein the tracking zone
estimates a position of the person’s head while sitting in front
of the gaming machine.

40. The method of claim 38 wherein the tracking zone
estimates that the person 1s within arm’s reach of the gaming
machine.

41. The method of claim 38 wherein the tracking zone uses
ergonomic 1nformation to determine size for the tracking
Zone.

42. The method of claim 38 wherein the tracking zone
includes three dimensions.

43. The method of claim 29 wherein the retinal 1mage
system casts the image such that it linearly overlays with a
main video screen for the gaming machine.
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44. The gaming machine of claim 1, wherein the retinal
image system 1s configured to detect entry of the person into
a tracking zone to play a game on the gaming machine.

45. The gaming machine of claim 1, wherein the retinal
image system 1s configured to initiate the generation of the

28

image upon occurrence of a bonus event or a winning out-
come on the gaming machine.
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